The Magnocellular (M) visual pathway is known as a fast route to convey coarse 20 information and facilitates object recognition by initiating top-down processes. It is 21 unclear what exact properties M pathway conveys to accelerate visual object processing. 22 Previous studies suggest that visual systems are highly sensitive to the perception of 23 topological property (TP), which remains unchanged under various shape changes, and 24 the TP is probably processed through a fast subcortical pathway. Here we hypothesize 25 that a subcortical M system contributes to the fast object recognition by processing TP 26 first. We first demonstrate that the facilitation effect of TP processing on object 27 perception occurs mainly in the M visual system, and then support the subcortical M 28 hypothesis of TP processing by the evidence that the early processing of TP was not 29 affected when cortical function was temporarily damaged by the transcranial magnetic 30 stimulation and when stimuli were biased to M system. 31 32 33 34 35
Introduction 4.632, p < .001), yet not for the P-biased stimuli (ts(15) < 1.172, p > .259). In contrast, 140 the priming effect of orientation only occurred when orientation was reported and when 141 stimuli were P-biased (t(15) = 4.249, p < .001). This finding of beneficial priming 142 effects of TP congruence on non-TP (e.g., orientation) recognition consists with 143 Huang's work (Huang et al., 2011) . Critically, we found that this facilitation effect from 144 TP congruence was restricted to the M visual system. 145 To make sure unconsciousness of the priming effect, we tested the visibility of 146 prime stimuli in another four experimental blocks (2 tasks: TP or orientation x 2 M/P 147 stimuli). The accuracy rates for reporting primes in the four blocks were not different 148 from the chance level of 50% (ts(15) < 1.453, p > .167), indicating that both TP and 149 orientation of the prime stimuli were invisible in M-/P-biased conditions. up reports of both TP and orientation, and these priming effects of TP were found only 162 when the stimuli were biased toward M processing, yet not for the P-biased stimuli. The asterisks indicate significant congruence priming effects (** p < .01). Error bars 164 represent the stand errors of the means. 165 166 M pathway is more sensitive to TP differences than non-TP shape differences 167 Experiment 1 adopted RT as an index demonstrating that the TP facilitation effect on 168 object recognition occurs mainly in the M pathway. Our previous study shows that the 169 human visual system is highly sensitive to discriminate topological differences 170 compared to other non-TP differences, which is referred to as TP priority effect (Chen, 171 1982; Huang et al., 2018) . In Experiment 2, we used discrimination sensitivity as 172 another index to investigate whether the TP priority effect shows primarily in the M 173 visual system. As shown in Figure 2A , a stimulus pair was presented for 20 ms, Figure 2B ). Therefore there were two types of 182 different stimulus pair, i.e., TP different and non-TP different. The TP different and Previous TMS work has demonstrated that TP might be processed through a rapid 214 subcortical visual pathway bypassing V1 (Du et al., 2011) . Moreover, results from 215 Experiments 1 and 2 showed that the fast processing of TP primarily occurs in the M 216 pathway. Thereupon, in Experiment 3 we tested whether a subcortical M system was 217 responsible for the fast TP processing. If the early processing of TP occurs in a 218 subcortical system, it is not expected to be affected when the cortical function is 219 temporarily damaged by the TMS. Stimuli were biased to the processing of M or P 220 pathway (see Figure 3A ), and consisted of four items, either all the same or one different 221 from the other three. Participants were instructed to report whether the four items were 222 the same. As shown in Figure 3C , there were three types of stimuli with items differing 223 12 either in non-TP (Experiment 3A,) or in TP (Experiment 3B and 3C). It is worth noting 224 that we used an s-like stimulus which was used in previous studies and was specially 225 designed to match the ring in both stimulus area and spatial frequencies (Chen et al., 226 2003; Huang et al., 2018) . TMS pulses were applied to disrupt V1 function at varies of 227 temporal delays after stimuli onset. The TMS intensity was set at 100% of the 228 phosphene threshold for each participant. The present study aimed to test our hypothesis that the subcortical M visual system may 278 be engaged in the fast processing of TP. Specially-designed stimuli were used to bias 279 visual processing toward either M or P pathway. There are three main findings, 280 including (1) the facilitation effect of TP processing on object perception occurs mainly 281 in the M visual system; (2) the visual system is more sensitive to detect TP differences 282 than non-TP differences between images, and this TP priority effect in perception relied 283 on the processing of M pathway; (3) the TP of objects may get early processing in a 284 subcortical magnocellular system, not through the cortical visual pathway.
285
The first finding is consistent with our previous work (Huang et al., 2011) on the 286 facilitation effect of unconscious topological processing on objects' feature recognition.
287
Moreover, this TP facilitation effect critically depended on the processing of M 288 pathway, and disappeared when the M pathway was inhibited (i.e., P-biased condition).
289
The finding indicated that the visual system facilitates object recognition by 290 preprocessing TP in the fast M pathway, as evidenced by the shorter RTs of TP.
291
According to the topological theory proposed by Chen (Chen, 2005 (Chen, , 1982 , extraction 292 of TP is used to construct object representation. When a prime stimulus appears, an 293 initial object representation based on TP has been established. If the following probe 294 stimulus is of the same TP, the existing object representation will be used, however, if 295 not, there will be a new object representation to be constructed, which will cost extra 296 reaction times regardless of what property is to report.
297
In addition to the evidence from response speed, our second finding from 298 discrimination sensitivity experiment provided further evidence for the specificity of M Experiment 3. The dps values between TP-different stimuli (about 3.5) were much 318 smaller than that between TP-same stimuli (25.18). These results suggest that it is TP 319 rather than spatial frequency that the M pathway extracts for fast object recognition. Wang et al., 2007; Zhou et al., 2010; Zhuo et al., 2003) . On the contrary, evidence 326 from human fMRI and mouse neurological studies supports for the involvement of 327 some subcortical regions, e.g., SC and pulvinar, in the TP perception (Meng et al., 2018) .
328
The present TMS results provide further evidence for the subcortical processing of TP 329 and the existence of the subcortical magnocellular visual system. Likewise, Zhang and through a minimal flicker procedure to match subjective brightness, which was used in 387 previous studies (e.g., Zhang et al., 2016) .
388
Line drawings of arrows and triangles that matched in the area and spatial 389 frequencies were used as stimuli in Experiment 1 (see Figure 1A ). The prime (1.13°) 390 and probe (1.88°) stimuli were presented at one of four quadrants of the screen with 391 their centers at an eccentricity of 5.6°. Each trial consisted of a 20-ms prime stimulus, 392 a 60-ms blank screen, and a probe stimulus presented until the participant's response. 
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In Experiment 2, stimulus pairs were presented at 6° to the left and right of screen Figure 2B ). These figures can be divided into two types 404 according to their TP (hole). For instance, as shown in Figure 2B in the stimulus area (luminance), and the letter figures also matched in spatial 409 frequencies. Participants had to make a two-alternative forced choice (2AFC) and judge 410 whether a stimulus pair consisted of the same figure (Figure 2A) . Each trial began with 411 a stimulus pair presented for 20 ms, followed by a 100-ms white mask pair, with a 70-412 ms ISI in between. Participants gave their answers by pressing a response key without were adjusted within a small range for each participant to control average accuracy of 431 about 70%. TMS pulses were applied over the primary visual cortex in the 432 23 discrimination task. Phosphene thresholds, i.e., minimal TMS intensity for inducing a 433 visual sensation, were measured for each participant after dark adaptation. As 434 illustrated in Figure 3B , the lower rim of the circular coil was initially positioned 1.5 435 cm above the inion (over the occipital pole), and then adjusted until the visual 436 phosphene was induced in the central visual field. The TMS intensity was set at 100% 437 of the phosphene threshold for each participant. The average TMS intensities were 438 about 61% of maximum output. During each trial, a stimulus array was presented for 439 30 ms, followed by a single-pulse TMS pulse delivered at various delays after stimulus 440 onset (TMS delay: 30, 65, 100, 135, 170, 205 and 300 ms) . Participants were instructed 441 to report whether the four items were the same without time limit. Each participant 
